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(57) Abstract 


A skin resurfacing apparatus delivers thermal energy through an external skin surface to an underlying collagen containing tissue. 
Thermal delivery means are provided and include an interface surface configured to conform to the exterior skin layer surface. Electrode 
means are coupled to the thermal delivery means and configured to transfer thermal energy through the interface surface and the skin layer 
surface to the underlying collagen tissue. Thermal energy control means are coupled to the thermal delivery means and configured to 
provide sufficient thermal energy from the electrode means to contract the underlying collagen tissue with no deeper than a first degree 
bum formed on the exterior skin layer surface. Cabling means are coupled to the electrode means. 
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APPARATUS FOR SKIN RESURFACING 


BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates generally to a method and apparatus for shrinking 
5 collagen containing tissue, and more particularly to a method and apparatus to shrink 
collagen containing tissue while creating no more than a first degree burn on an 
external surface. 

Description of Related Art 

The skin is composed of two basic elements, the epidermis and the underlying 

10 dermis. The underlying dermis provides the main structural support of the skin. The 
epidermis contains the epithelial cells and pigment forming cells called melanocytes. 
The dermis varies in thickness throughout the body. For instance, the skin is 25 times 
thicker on the back than on the eyelid. 

The dermis is composed mainly of an extracellular protein called collagen. 

15 Collagen exists as a triple helix with three polypeptide chains that are connected with 
heat labile and heat stable chemical bonds. When collagen is heated, alterations in the 
physical properties of this protein occur at a characteristic temperature. This 
structural transition occurs at a specific shrinkage temperature. 

The phenomenon of thermal shrinkage of collagen begins with a 

20 denaturization of the triple helix of the collagen molecule. Thermal energy severs the 
heat labile bonds that stabilize the triple stranded helix. As a result, the longitudinal 
axis of the molecule contracts. Partial denaturization of collagen tissue occurs in 
second degree bums and is typically applied as a standard thermal gradient that is 
hotter on the surface and cooler in the underlying dermis. In burn patients, partial 

25 denaturization of dermal collagen provides a tightening effect on the skin. By 

applying a reverse thermal gradient which cools the surface of the skin while heating 
the underlying collagen-containing layers, contraction of collagen in the absence of a 
second degree burn (and its inherent blistering and pigmentary irregularities) is 
possible. Because collagen is found in tendon, bone, cartilage and all other 

30 connective tissue throughout the body, reverse thermal gradient contraction of 
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collagen can have many applications. 

The selective induction of the basic wound healing process serves as the basis 
for the second major application of thermal shrinkage of collagen. In higher 
developed animal species, the wound healing response to injury involves an initial 
inflammatory process that subsequently leads to the deposition of scar tissue. The 
initial inflammatory response consists of the infiltration by white blood cells or 
leukocytes that dispose of cellular debris. Forty-eight hours later, proliferation of 
fibroblasts at the injured site occurs. These cells then produce scar collagen that 
functions as the main support structure of a healed wound. The deposition and 
subsequent remodeling of this nascent scar collagen provides the means to alter the 
consistency and geometry of soft tissue for both aesthetic and reconstructive purposes. 

There exists an aesthetic need to contract skin without the scars, surgical risks 
or pigmentary side effects of commonly employed technique. These techniques 
include surgical resection of skin and the use of lasers and chemical peels to achieve a 
tighter, more youthful skin appearance. Understandably, many patients are hesitant to 
subject themselves to these procedures, even though an overall aesthetic improvement 
is likely. 

Skin resection procedures are limited in their application due to inherent scars. 
With face-lift procedures, scars can be hidden around the contour of the ear, thus 
providing an acceptable trade-off between the surgical scar and the aesthetic 
improvement. Surgical resection of skin on the hips, thighs, arms, knees and legs, 
however, provides only a modest improvement with fairly unsightly scarring. In 
addition, patients must undergo a post-operative phase of heating that may be both 
painful and inconvenient. Other risk factors, such as bleeding and infection, may 
prolong healing. 

Liposuction is effective at removing fat in some areas, however, it does not 
tighten the skin envelope. Skin resurfacing techniques that secondarily tighten excess 
skin (such as laser and chemical peels) employ a standard thermal gradient that 
requires burning off the superficial skin as a second degree bum. The thermal effects 
of collagen contraction in the deeper dermis occur, but require a painful healing phase 
due to the second degree bum. These modalities depend upon reepithelialization with 
cell migration from the skin appendages. This process of reepithelialization is similar 
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to the healing of any thermal burn and is more likely to cause pigmentary 
irregularities due to the destruction of melanocytes in the epidermis. 

Adipose tissue, more commonly known as fat, is formed of cells containing 
stored lipid. Adipose tissue is often subdivided into small loculations by connective 
5 collagen tissue serving as the fibrous septae. 

There exists a need for skin tightening without damaging the melanocytes and 
other epithelial cells, or without surgical intervention. There is a further need for non- 
surgically removing adipose tissue without damaging the melanocytes and other 
epithelial cells. 

1 0 There exists a need for subcutaneously contracting of collagen without 

surgical scarring or pigmentary side effects of more invasive techniques. There is a 
further need for subcutaneously inducing the formation and contraction of scar 
collagen in a selected tissue site while creating no deeper than a second degree burn 
on the surface of the selected tissue site. 


An object of the present invention to provide a method and apparatus for 
tightening skin without substantially damaging the melanocytes and other epithelial 
cells. 

Another object of the invention is provide a method and apparatus to deliver 
20 sufficient thermal energy to reduce loculations of fat without substantially effecting 
the melanocytes and other epithelial cells. 

A further object of the present invention is to provide a method and apparatus 
for contour sculpture by denaturing collagen in fibrous septae tissue. 

Yet another object of the present invention to provide a method for thermal 
25 remodelling and contraction of collagen without surgical scarring or pigmentary side 


Another object of the present invention is to provide a method for inducing the 
formation and contraction of scar collagen. 

A further object of the present invention is to provide a method for inducing 
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SUMMARY OF THE INVENTION 


effects. 


30 


the formation and contraction of bony callus in periosteum tissue. 
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Still another object of the present invention is to provide a method for 
contracting collagen tissue no deeper than a second degree burn formed on a tissue 
surface overlying the contracted collagen tissue, and preferably no deeper than a first 
degree bum. 

These and other objects of the invention are achieved in an apparatus for 
delivering thermal energy through an external skin surface to an underlying collagen 
containing tissue. Thermal delivery means are provided and include an interface 
surface configured to conform to the exterior skin layer surface. Electrode means are 
coupled to the thermal delivery means and configured to transfer thermal energy 
through the interface surface and the skin layer surface to the underlying collagen 
tissue. Thermal energy control means are coupled to the thermal delivery means and 
configured to provide sufficient thermal energy from the electrode means to contract 
the underlying collagen tissue with no deeper than a first degree burn formed on the 
exterior skin layer surface. Cabling means are coupled to the electrode means. 

In another embodiment, an apparatus is provided for applying radiant energy 
through the skin to an underlying subcutaneous layer, and deeper soft tissue layers, 
such as the muscle and overlying fascia, include locations of fat with fibrous sepiae 
made of collagen tissue. Application of the radiant energy creates a desired contour 
effect without substantially modifying the melanocytes and other epithelial cells in the 
epidermis. The apparatus includes a membrane that conforms a contacting exterior 
surface of the membrane to a skin layer. One or more thermal electrodes are 
positioned in the membrane and create a reverse thermal gradient from the skin laver 
to the underlying collagen tissue. A focussing element focuses thermal energy to the 
underlying collagen tissue. The focussing element and the electrolytic solution create 
a reverse thermal gradient from the skin to the collagen tissue. A thermal power 
source is coupled to the thermal electrodes. 

In another embodiment, a method is provided for forming and contracting scar 
collagen below a tissue surface in a selected tissue site. An electromagnetic energy 
apparatus is provided and includes an electromagnetic energy source and a delivery 
device. The delivery device is positioned on the tissue surface. Electromagnetic 
energy is produced from the electromagnetic energy source and delivered through the 
tissue surface to the selected tissue site for a sufficient time to induce scar collagen 
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formation in the selected tissue site. No deeper than a second degree burn is formed 
on the tissue surface. The scar collagen is then contracted. This method is 
particularly useful in soft tissue sites that are devoid or deficient in collagen. 

In another embodiment, a method is disclosed for forming callus deposition in 
5 a selected periosteum tissue site. An electromagnetic energy apparatus is provided 
and includes an electromagnetic energy source and a delivery device. The delivery 
device is positioned on a tissue surface of the selected periosteum tissue site. 
Electromagnetic energy is produced from the electromagnetic energy source. 
Electromagnetic energy is transcutaneously delivered from the delivery device, 

1 0 through the tissue surface, and to the selected periosteum tissue site for a sufficient 
time to induce callus formation in the selected periosteum tissue site. After scar 
collagen formation the callus is then contracted. 

Suitable applications for the methods of the present invention include but are 
not limited to, tightening and firming soft tissue, unstable joints due to collateral 

1 5 ligament laxity, the treatment of unstable spinal column disorders, treatment of 

weaknesses of the abdominal wall, treatment of other connective tissues, esophageal 
hernia with reflux, urinary incontinence in women, dysdynamic segments of the 
myrocardium and other aneurysmal dilatations of the vessel, sleep apnea, laxity and 
wrinkling of the skin, and the like. 

20 Wrinkling of the skin occurs as a consequence of inadequate support of the 

epidermis. The induction of scar collagen deposition is used for the treatment of 
wrinkles. Improved skin turgor is accomplished by first replenishing the collagen 
matrix that has been lost with aging. Following the deposition of nascent scar 
collagen in the dermis, contraction of collagen with a reverse thermal gradient corrects 

25 wrinkling of the skin without resorting to resurfacing techniques that require the 

application of a standard thermal gradient burn to the skin. This is achieved without 
undergoing a lengthy post-operative healing process. Bleeding and infection is 
reduced. Second degree burns to the superficial skin are minimized. The 
melanocytes are not damaged and pigmentary irregularities are avoided. 

30 One apparatus used to create the reverse thermal gradient is a combined 

heating pad that has both cooling elements and electromagnetic delivery devices. The 
heating pad is configured to the topography of the treatment area and is incorporated 
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«- - * garmen, Partial denatul2atlon of co „ agen ^ coniraaio[i 

f ,he <rea„nen, aroa to avoid blaring. „ one embodjmem ^ 
toed ,o above 65 degrees for collagen conuacion. The .emperurure can vm 
depending on ,ooa, nssue fecrors. Seonendal heatmenrs „ designed „ ^ 
more precston of ft. end resmt Areas of apphcafio, are no, confined by 
retirements to erdrer hide surgical mcisions or oa.ifion aiong aes,he,ic boundaries 

^"^gandpignren^i^ari^^^ skjnorote 
.tghtenmg occu* in arena previous,, considered „ ^ 

-g.cn, resection, laser and chenrica, rea^acng. Skin ughtoring ^ . m 

e^cn, cannon of coUagen can correct areas Ending bu, no, hmfted „ 
•hednghs, knees, a™, back and hips wfthou, nnsighUv sca^g of standard 
fcchnmu., ,n addirion. areas previously conacred by aesmcic procodures, such aa 

around ha car. Elastosts or snatching of ft. sbdomina, skin fiom pregnancy can ba 

preaen, rnvanrion can also ba used for ra as,opexies or breas, uplifts 

^fl^^cinaubcnuneousfarlayerscanbeconnacadrorighrenrbe 
*a fa, cell, or „ pocyIe , by ^ ^ ^ , ^ ^ ^ 
hpocyra which achieves a „e, reduction i„ TOlume of , he ^ ^ A 
•hermai dev.ee is used in undam wi,h d,a inidal mermal device ,o achieve 
l.posc„lp,„re of ,he ,rea,=d are, The second device can be daaigned wiu, , 

convargan, lens ,ba, is focused a, ,„e appropriate level on ^ ^ 
A vanery of elecrromagnenc energy sources can be empioved. Suable 

energy sources include bu, are no, Umfted ,o RF. raicrowav , ahmom6 ^ fc 

In one embodiment, the preferred energy source is RF. 


BRIEF nrsrpipTt QK, op w , pr 
Fig. , is a perspective view of an apptuatus f or appl ving 
energy through the skin .„ order to cause a pania, denamrization of collaaen .issue 
resulting in a tightening of the skin. 
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Figure 2 is a cross-sectional view of the skin and underlying tissue. 

Figure 3 is a schematic representation of the collagen network. 

Fig. 4 is a schematic diagram of an apparatus for applying electromagnetic 
energy to underlying subcutaneous layers or deeper soft tissue layers to create a 
5 desired contour effect by partially denaturing collagen tissue, and without 

substantially modifying melanocytes and other epithelial cells in the epidermis. 

Figure 5 is a block diagram of an RF system which can be utilized with the 
present invention. 

Figure 6 is a block diagram of processing circuit of one embodiment of the 
10 invention. 


DETAILED DESCRIPTION 
For purposes of this specification, the following definitions apply. 
Pre-existing collagen is the protein substance normally present in the white 
fibers (collagenous fibers) of skin, tendon, bone cartilage and all other connective 
1 5 tissue. 

Thermal induction of scar collagen deposition is a non-ablative neosynthetic 
process of collagen deposition as a reaction to inflammation induced by thermal 
injury. The resulting scar collagen is frequently referred to as nascent, as opposed to 
pre-existing. 

20 Standard thermal gradient is the thermal content of tissue that is greater on the 

skin surface. 

Reverse thermal gradient is, (i) the application of electromagnetic energy to 
alter the biophysical properties of collagen, i.e., contraction, with minimal blistering 
of the tissue surface, (ii) a gradient in which the tissue surface temperature is cooler 

25 than the underlying collagen tissue, (Hi) conditions in which a standard thermal 

gradient is reduced or equalized in temperature between the tissue surface and the 
underlying collagen, or (iv) monitoring the heat content (temperature and exposure 
duration) of the tissue surface to avoid blistering during treatment, regardless of the 
tissue surface temperature relative to the underlying collagen tissue. 

30 Transcutaneously means that the delivery device delivers electromagnetic 

energy directly through the tissue surface. 
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P ~-'V^ta*ede 1 iv t „ de v i « ism!enedthroughthesbnor 
the ttssue surface through an uuduscopu, anhroscopc. and the like 

Tnmamucosal me** tha, «. dtlivery device ^ elecmj 
directly through the mucosal surface. 

Permucosal that a delivery device is inserted through a mucosal surface 
through an endoscope, arthroscopy and the like. 

A first degree bum means a bum that involves only the epidermis. It is 
characterized by erythema. 

A second degree bun, meatus a bum tot deOTOys the 
portion of ths dermis. 

A Utird degree bum tneans a bum ,har destroys rhe entire thickness of skin 
including the epithelium and dermis. 

Tire present i„vcn tio „ provides, (i) . ^ for ^ ^ ^ 
coUagcn below a tissue surface in a scicctcd tissue she. a method for fonning 
ca .us deposition in a selected pcriostensn tissue sit e, « apparatus for 
-a .an, energy tan a merma, energy sotnoe to overlying collagen tissue tvithou, 
substamtally modifying me melanoses and other epithelial cells found in the 
epidetmts and (iv) an apparatus for app,yi„ g radiant ^ ,„ 

subcutaneous or deeper son tissue layers that include locularions of fa, with fibrous 
septae made of collagen tissue. 

The methods of me present invention do no, provide for total necrosis of cells 
Instead. w,th the method and appals creating fc desired comour effec , ' 
looulations of fa, with Ute fibrous septae made of collagen tissue use a reverse thermal 
gradient applied to dte underlying collagen tissue layers resulting in a partial 
denaturization of the collagen petauing it „ bKome , ighMMd ^ ^ ^ 
without killing all of the fa, cells within the loculations. 

The fomtaiion or induction of scar collagen fotmaiion can be done 
tntnscutaneously. with a reverse thermal gradient, percutaneous!,, transtnucosaUy 
petmnoosally. or through a device inoludtn, bu, no, limited to an endoscope An ' 
electromagnetic energy apparatus is provided and includes an electromagnetic energy 
source and a delivery device. The deliver device is poshionod on the tissue surface 
Electromagnetic energy i, produced frora the elsctromagn5|ic ^ ^ ^ 
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delivered through the tissue surface to the selected tissue site for a sufficient time to 
induce scar collagen formation in the selected tissue site. No deeper than a second 
degree bum is formed on the tissue surface. The scar collagen is subsequently 
contracted. This method is particularly useful in soft tissue sites that are devoid or 

5 deficient in collagen. 

An electromagnetic energy apparatus is provided and includes an 
electromagnetic energy source and a delivery device. The deliver}' device is 
positioned on a tissue surface of the selected periosteum tissue site. Electromagnetic 
energy is produced from the electromagnetic energy source. Electromagnetic energy 

1 0 is delivered from the delivery device, through the tissue surface, and to the selected 
periosteum tissue site for a sufficient time to induce callus formation in the selected 
periosteum tissue site. The callus is subsequently contracted. The method for 
forming callus can be done transcutaneously, with a reverse thermal gradient, 
percutaneously, transmucosally permucosally, or through a device including but not 

1 5 limited to an endoscope. 

The methods of the present invention use an electromagnetic energy source to 
apply electromagnetic energy to a selected tissue site. The electromagnetic energy 
can be delivered transcutaneously, with a reverse thermal gradient, percutaneously, 
transmucosally, permucosally, or through a device including but not limited to an 

20 endoscope. The electromagnetic energy induces scar collagen formation in tissue 
sites that, (i) have pre-existing collagen, (ii) are deficient in pre-existing collagen, or 
(iii) lack pre-existing collagen. Following the formation of the scar collagen, the 
application of electromagnetic energy contracts the scar collagen. 

Additionally, the methods of the present invention provide for the contraction 

25 of collagen tissue underlying a tissue surface area. The overlying layer of tissue is not 
ablated. No deeper than a second degree bum is produced in the overlying layer of 
tissue, and preferably no deeper than a first degree burn. 

Suitable applications for the methods of the present invention include but are 
not limited to. tightening and firming soft tissue, treatment of unstable joints due to 

30 collateral ligament laxity, the treatment of unstable spinal column disorders, treatment 
of weaknesses of the abdominal wall, treatment of other connective tissues, 
esophageal hemia with reflux, urinary incontinence in women, dysdynamic segments 


WO 96/34568 

PCT/US96/06274 

of*. medium a„ d oth!r w „ dj , atations 
tally and wrinkling of the skin, and the like. 
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^ of *e eptdemUs. The induction of scar collagen deposition is used foe the 

oUagen manax th* has been ,ost with aging. FoIlowing fc J 
-ae coUagen in the den™, compaction „f collagen ^ , "7" 

that t^uire , he wlicarion „ . slandard ^ 
Tto . achteved ^ . ^ * 

a" ^ " " dMa - Kd - *—» «~- - 

In one embodiment, sian tightening with a reverse mennal gradient 
neck u. ^ „, ps WIhou , ^ ^ E|ajws . ^ 

~^-^op^.B Kas ,^ ite ,.,maa Kplex ,es.„o,o„; r 
require extensive incisions. S 

Th™, modeling of collagen can occur with both native (dermal, coilaaen 
- jU^on ptodnced as pat, of the heaiing process. Woond heahng lnvolvK 
tnflamtnatotv stage tha, is followed bv a period of rapid nascent coUaaen 
Pr doctton tha, m orpho,o g ica lly appears as a scar. The btophvstca, propel of 
collagen are the same regardless of its origin. 

One apparatus used to create the reverse metmal gmdien, ,s a composite 
hearing pad tha, has both coohng elements and eiectromagnetic delivetv devices The 
^»ng pad is configured to the topograph, of the treamten, area and is inc0[poraed 
tnro an elaattc ganment. Parta , denaturizatton of coUagen is achieved with each 

— Thenna, transducer measure the surface temperature of the treatment ama 
o avotd bhstenng. , n one OTbodimm fc ^ ^ . ^ ^ ^ 

degrees for coUagen contraction. Sequential treatments ate de s ,g„ed to allow for 
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more precision of the end result. Areas of application are not confined by 

requirements to either hide surgical incisions or transition along aesthetic boundaries- 
Various types of electromagnetic energy can be utilized with the present 

invention. Electromagnetic energy may be any kind that can cause cell heating or 
5 physical destruction by being applied to collagen tissue. Examples of suitable 

electromagnetic energy sources include, but are not limited to RF, microwave, 

ultrasound, laser and the like. 

Referring now to Fig. 1, an apparatus 10 applies electromagnetic energy 

through a skin layer 12, such as the epidermis, and to the underlying collagen tissue 
10 14 without substantially modifying melanocytes and other epithelial cells 16 found in 

the lower layer of epidermis layer 12. 

A porous membrane 18 is adapted to receive an electrolytic solution 20. 

Porous membrane 1 8 becomes inflated to substantially conform a contacting exterior 

surface 22 of porous membrane 1 8 which is in close thermal contact with epidermis 
15 12. Porous membrane 18 includes a cooling lumen 24 for receiving a cooling fluid 

that imparts a cooling effect on epidermis layer 12. 

One or more electromagnetic electrodes 26 are positioned at various places in 

porous membrane 18. In one embodiment, electromagnetic electrodes 26 are 

positioned on a side that is substantially opposing to contacting exterior surface 22. In 
20 other embodiments, electromagnetic electrodes 26 are placed closer to cooling lumen 

24. In embodiment particularly suitable for the hips, porous membrane is about 20 

cm by 30 cm, with an oval shape. 

An electromagnetic power source 28 is coupled to electromagnetic electrodes 

26 and a source of electrolytic solution 30 is coupled to porous membrane 18. 
25 In one method of the present invention, collagen tissue in a dermis underlying 

the epidermis of the skin is transcutaneously contracted with the use of a thermal 

heating apparatus. Electromagnetic energy is transcutaneously delivered through the 

epidermis to the underlying dermis. Fibroblast proliferation is initiated in the 

underlying dermis. Scar collagen is formed in the underlying dermis. The scar 
30 collagen is subsequently contracted and the skin is tightened. 

In another embodiment, a method is provided for contracting collagen tissue in 

a subcutaneous fat layer through an overlying epidermis layer. A thermal heating 
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«P» produce e lraromagnMic energy , ^ elecmmagne . c cm ^ 
dehvered «»— rtx. with a reverse thermul ^ pncmittous , v 
— Sal ,y permucosally, or Uuough a device including bu, m , imiKd „ . 
en oscoge. Tic Cectromagneuc energy is direccd through „, „ fc 

underiytng subcutaneous fa, Uyer. Fibrobta ^ ^ ^ 

subcutaneooa fat layer. Scar collagen is formed and rhcn dgtened 

Wi * reft "^"-»ng. 2 ,e I ec«ro m agne, i cenergycan b ea P p„cdd lr ough 
.ptdennts layer ,2, ,„ papiIlaly deimis hyw J2 „ ^ ^ ^ 

subcumneous layer 35, as we,, as ,o undertying soft ti ss„e 3,. The extern of collagen 
m the varrons ,ayers is < 5% in *. epidennis , . 50% in ^ dem , js . M % 
sub—, - ,« in the muscle ^ ^ ^ ^ 
Ukas Place ,„ a drrecion par* . me ^ of lhe ^ ^ ^ 
collagen begrns with fts denaluri2ation ^ ^ ^ ^ ^ « 

nbars. * ocenrs when electronic energy is a PP „ed ,o ,be col, M en tissue 
causmg the hydrolysis of hea, labile cross links of the collagen network" 

Fig. 3 is a schematic representation of a collagen network behavior under the 
mfluence of beat. The thickened lines represent the chains original hound by 

He ff cto hea, More particular,, Fi , 3 illustTaKS (i , native coIla _ r / 

40, (.„. coUagen^underisometrtc conditions, (fit,. CoUagen nerwortc w 4 „ou, any 
-rau, (1V , collagen nmvMk 46 mder isomwic tEMion k ^ ^ J 

■able artd ,v>. collagen network 48 „„ der isoraetric te „ sio „ ^ m 
nave been, cleaved. 

Electromagnetic elecrodes 26 can be RF electrodes comprising a aim* 
electrode, or a P ,ura,i,y which can form a segmented nexible cimui,. Electromagnetic 
power source 28 is then an RF generator. Electronic solution 20 is introduced into 
porous membrane 18 and passes by RF electrodes 26. Electronic soiuuon ^0 
transfers RF P „wer from RF decodes 28 to the desired underiymg co„ M en tissue to 
achieve partial denaturizarion of the collagen molecule. 

Generally. RF electrodes 26 can be mon opola r or bipo.ar. In ,hc monopolar 
mode. RF current flows through body tissue from . return electrode which can be in , 


WO 96/34568 PCT/US96/06274 

form of a conductive pad applied to the patients outer skin. Maximum heating occurs 
where the current density is the greatest. 

During a treatment phase, the denaturization of collagen molecules can be 
conducted under feedback control. Treatment can occur without the attention of 

5 medical supervision. Feedback is accomplished by (i). visualization, (ii). impedance, 
(iii). ultrasound, or (iv). temperature measurement. Optionally included and 
preferably positioned on contacting exterior surface 22 can be one ore more thermal 
sensors 52, as well as one or more impedance monitors 54. Thermal sensors 52 
permit accurate determination of the surface temperature of epidermis layer 12. 

10 Electrolytic solution 20 can be preheated to a selected temperature and 

modified as necessary. This reduces the amount of time needed to effect at 
satisfactory denaturization of collagen molecules and subsequent skin tightening. 

Porous membrane 1 8 can be made of a material that is an insulator. For 
purposes of this disclosures, an insulator is a barrier to thermal or electrical energy 

1 5 flow. Porous membrane 1 8 can be made of a material which permits controlled 

delivery of electrolytic solution 20 to epidermis layer 12. Porous membrane 18 can be 
made of a variety of materials including, but not limited to knitted polyester, 
continuous filament polyester, polyester-cellulose, rayon, polyamide, polyurethane, 
polyethylene and the like. Suitable commercial products include, (i). Opcell 

20 available from Centinal Products Corp., Hyannis, Mass. and (ii). UltraSorb, HC 4201 
or HT 4644 MD from Wilshire Contamination Control, Carlsbad, California. Pockets 
or zones 56 can be formed around RF electrodes 26. Each pocket 56 has a lower 
porosity for the flow of electrolytic solution 20 than all other sections of porous 
membrane 18. Differences in porosity can be achieved with different types of 

25 materials which form porous membrane 18. Electrolytic solution 20 is retained in 

pockets 56 longer than in non-pocket sections of porous membrane 18, and there is a 
greater transfer of RF energy to electrolytic solution 20. creating a larger electrode. 
The larger electrode produces RF and thermal energy to create a larger electrode 
effect. However, this does not effect the creation of the reverse thermal gradient. RF 

30 energy is still transferred through porous membrane 1 8 passing in the vicinity of 

cooling lumen 24. in order to create a lower temperature at epidermis layer 12 and the 
temperature increases as deeper layers are reached. 
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b . skin conftacrmg memod of Ae preS£nt invmtjoni a t . ghKr ^ 
skm envelope ,s achieved. This is accompiiahod , ; 

opcmuve heahng process. B1 eadi„ g and Wection „ reduced ^ ^ 
.0 the supecflcia, skin are minimized. The cneianocv.es ace no, damaged and 
pigmentary irregularities are avoided. 

Because scarring and pigmentary icregniariries are avoided, skin or nth* 
nghtemng deem, „ areas previous* considered "off-iimhs- ,o srandarf memods of 
surg.ca, resecrior, laser and ohemioai resmfacing. Skm righianing wM, . reverse 
gradien, conrracrion ofcoUagen can TO „ tacluding ^ ^ 
tmghs, kneea. arms, hack and hips wimon, unsighdy ^ of ^ 
.echnroues. ,„ addinon, areas previous* correcred by aesdreric procedure, such as 

around he aar. E,as,os,s or signing of me abdominal skin from pmg^cv can „ 
co*ec,ed wchou, ,ha ex,ensive incision of an abdominoplasry. The mernod of ,he 
presen, mvenrion can also be used for maaropexies o, breas, uplifts 

m «»» -»* » «*— « fa. layers „ be eonrmcred ,o righren Ore 
so* rissua. Aiong wim ,h Ke OTracel|n|ar ^ rf ^ 

hpocyre which achieves a nei reduerion of volume of me fteaKd area. A second 
.hermal device is used in ,andem wi,h ,h= initial thennal device ,o achieve 
hposeulpmrn of me treated area. The second device can be designed with a 
converge*, ,.„ s ta is focused „ the ^ ^ ^ ^ 

Referrmg now ,o Fig. 4, an appararus 58 f„ r creating , desired ^ ^ 
of underlying subeuraneous layers or deeper soft .issue .ayers which include 
locuWons of fa, wi,h fibrous sep,ae made of collagen , issue is ilhlstrated m 
appara,us 58 of Fig 4, includes a porous membrane 1 ,. elecrrolytic solunon 20 a 
comacring ex,erior surface 22, a cooiing ,ume„. elecromagneric decodes a« an 
elee„oma,„e,ic power source 28. an elecrrolyric soludon source 30. one or more 
■henna, sensors 52. as weU as one or more impedance momrors 54. Appararus 58 also 
mcludes a focussing elemen, 60 which foeuses ele«romag„e,ie en«n>v from 
eleo.roh.ic solu.ion 20 ,o me underlying coliagen .issue. Focussmg elemen, 60 and 
elecolync so!u,ion 20 creare a reverse .hermal gradien, ftom epidemris laver ,2 ,o 
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the underlying collagen tissue 14. Focussing element 62 can be, in the case of 
ultrasonic energy, a lens having a flat planer surface on the radiation wave incident 
side and a concave exit face, see Ultrasonics Tlieory and Application, by G.L. 
Goberman ? Heart Publishing Co., New York (1959), at section 2.6. The use of such a 
5 focussing lens for ultrasonic energy with a planer wave receiving face and concave 

exit face is also described in the article "Deep Local Hypothermia for Cancer Therapy: 
Extreme Electromagnetic and Ultrasound Technics," A.Y. Cheung and A. Neyzari, 
Cancer Research, Vol. 44, pp.4736-4744, October 1984. 

Rf can be the electromagnetic energy source, and various localizing 

10 techniques, well known in the art, can be utilized. In one embodiment, radio 

frequency energy is supplied by capacitive coupling directly to epidermis layer 12 for 
areas close to the dermal tissue. Radio frequency induction focussing can be achieved 
with the use of plural focussing coils which are adaptive at the zone of interest and are 
elsewhere subtractive. Alternatively, radio frequency energy may be focused by 

1 5 having a multiple beam phased array. For concave focussing see, "Tumor reduction 
by radio frequency therapy response", H.H. LeVeen et al., JAMA, Vol. 233, at 2198- 
2200. 

Alternative radio frequency focussing methods are disclosed in "Equipment 
for Local Hypothermia Therapy of Cancer", C.F. Babbs et al., Medical 

20 Instrumentation, Vol. 16, No. 5, Sept-Oct 1982, pp.245-248. 

It will be appreciated that focussing element 60 can be a convergent lens. 
Further, focussing element 60 can be positioned in porous membrane 18, and at the 
exterior 16 between epidermis layer 12 and porous membrane 1 8. Further, a coupling 
device 62 can be included which couples focussing element 60 with porous membrane 

25 18. In one embodiment, coupling device 62 is a bracket which is positioned around a 
periphery of porous membrane 1 8, and supports focussing element 50 in relation to 
porous membrane 18. 

In the method for tightening skin, porous membrane 1 8 and thermal energy 
source 26 are provided. A reverse thermal gradient is created which cools a surface of 

30 epidermis layer 12 while heating underlying collagen containing layers. Epidermis 
layer 12 as well as underlying collagen containing tissue are heated, without 
substantially effecting the melanocytes and other epithelial cells in epidermis layer 12, 
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resulting in a denaturization of collagen molecules, ^ , ^ rf 

.issue and a d g h,eni„ g of fc ^ TOs ^ ^ ^ 
ume, In many instances , it may be dtsirabk ^ , ghBn ^ ^ (o ^ ^ 

then m subse,ue„, foments *a akin is , ighle „ ed ^ ^ may be fom 
•omenta .o fine .una mo C o„,our effects ^ prscisio „ ,„ ^ ^ 
coHagen „ntabun g ussue „ paniaI de „ anjrK , md fc ^ ^ 
lb. - achteved by partly denaniring by ^ ^ ^ ^ ■ 
collagen molecules. 

- ttssu. layera. For oaanrple, in vrtoos emb0(iiments fc ^ 

*-« haa a tissue surface temper ^ ftom ^ „ ~ 

wh n «he reverse .henna, gradl . m „ . dirainished „ — ^ 
g rad,ent the temperature ranges can be much broader. 

'"^^-^^■amemodforhposcu^,,,^^,,,, 
where rhere s an u„ derlying „ com ^ rf , ^ ^ 

-fibrous seprae aUo includes creaU» g a reverse Uterma, ^ ^ 
eptdermts layer ,2 to the desired unde„yin g .oculadon of fa, laver. Sufficient 
alecToma,^ enersy „ supplied ttough ^ ■ ^ 

ubsranna,, modi , ing ^ ^ ^ ^ ; o 

energy pan* denaruras the collagen hssua wilh . minimal $ 
A*un, thts , s achieve, by paniaiiy d „ g , e . g „ bv ^ ^ ' 

^ o f K . ^ rev _ (he- gradiem pmtes a ^ 

of mtra-callular fa, with tiiminished desmic , io „ of fa ^ 

In yet another embodiment of ,he invenrion, .norma, mducion of osteoblasts 
tn the periosteum results in callus M oium matrix) d ep„s,,io„. Callus contains , 
htghor percenraga of coUagan than mature ^ Md ^ 
thermal contract™ is possible. Maruranon of the remodelled cailus wim oalc.um 
deposition results in stable bony fusion of treated areas. 
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Without limitation, power source 28 can be an RF source. RF power source 
28 feeds energy to an RF power generator 64 and then to RF electrodes 26. A 
multiplexer 66 measures current, voltage and temperature, at the numerous thermal 
sensors associated with to each RF electrode 26. RF electrodes 26 can be individually 
5 measured. Multiplexer 66 is driven by a controller 68 which can be a digital or analog 
controller, or a computer with software. When controller 68 is a computer it can 
include a CPU coupled through a system bus. On the system can be a keyboard, disk 
drive, or other non volatile memory systems, a display, and other peripherals, as are 
well known in the art. Also coupled to the bus are a program memory and a data 
1 0 memory. 

An operator interface 70 includes operator controls 72 and a display 74. 
Controller 68 can be coupled to different types of imaging systems including 
ultrasonic, thermal sensors 52, and impedance monitors 54. 

• Current and voltage are used to calculate impedance. A diagnostic phase can 
1 5 be initially run to determine the level of treatment activity. This can be done through 
ultrasound as well as other means. Diagnostics can be performed both before and 
after treatment. 

Thermal sensors 52, and thermal sensors 76 contained within RF generator 64 
measure voltage and current that is delivered to the desired treatment site. The output 

20 for these sensors is used by controller 68 to control the deliver,' of RF power. 

Controller 68 can also control temperature and power. An operator set level of power 
and/or temperature may be determined and this will not be exceeded. Controller 68 
maintains the set level under changing conditions. The amount of RF energv 
delivered controls the amount of power. A profile of power delivered can be 

25 incorporated in controller 68, as well as a preset amount of energy to be delivered. 

Feedback can be the measurement of impedance, temperature, or other indicators and 
occurs either at control 68 or at RF generator 64. if it incorporates a controller. For 
impedance measurement, this can be achieved by supplying a small amount of non 
therapeutic RF energy. Voltage and current are then measured to confirm electrical 

30 contact. 

Circuitry, software and feedback to controller 68 result in full process control 
and are used to change, (i). power, (ii). the duty cycle, (iii). monopolar or bipolar 
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energy delivery, (iv). electrolytic solution 20 delivery, flow rate and pressure and (v) 
ca* determine when the process is completed through time, temperature and/or 
unpedance. These process variables can be controlled and varied based upon tissue 
temperature monitored at multiple sites on contacting exterior surface 22 as well as 
monitoring impedance to current flow at each RF electrode 26, indicates changes in 
current carrying capability of the tissue during the process. Further, controller 68 can 
prov.de multiplexing, monitor circuit continuity, and determine which RF electrode 
26 is activated. 

A block diagram of one embodiment of suitable processing circuitrv is shown 
m F,g. 6. Thermal sensors 52 can be thermistors which have a resistance that varies 
wtth temperature. Analog amplifier 78 can be a conventional differential amplifier 
circuit for use with thermistors and transducers. The output of analog amplifier is 
sequentially connected by an analog multiplexer 80 to the input of an analog digital 
converter 82. The output of amplifier 78 is a voltage which represents the respective 
sensed temperatures. The digitized amplifier output voltages are supplied by analog 
to digital converter 82 to a microprocessor 84. Microprocessor 84 calculates the 
temperature or impedance of the tissue. Microprocessor 84 can be a type 6800 
However, it will be appreciated that any suitable microprocessor or general purpose 
digital or analog computer can be used to calculate impedance or temperature. 

Microprocessor 84 sequentially receives and stores digital representations of 
•mpedance and temperature. Each digital value received by microprocessor 84 
corresponds to different temperatures and impedances. 

Calculated temperature and impedance values can be indicated on display 74 
Alternatively, or in addition to the numerical indication of temperature or impedance 
calculated impedance or temperature values can be compared by microprocessor 84 
with temperature and impedance limits. When the values exceed predetermined 
temperature or impedance values a warning can be given on displav 74 and 
additionally, the delivery of RF energy to its respective electrode can be decreased or 
multiplexed to another electrode. A control signal from microprocessor 84 can reduce 
the power level by RF generator 64, or de-energize the power delivered to any 
particular electrode. Controller 68 receives and stores the digital values which 
represent temperatures and impedances sent. Calculated surface temperatures and 
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impedances can be forwarded by controller 68 to display 74. If desired, the calculated 
surface temperature of epidermis layer 12 is compared with a temperature limit and a 
warning signal can be sent to display 74. Similarly, a control signal can be sent to RF 
power source 26 when temperature or impedance values exceed a predetermined level. 
5 The foregoing description of a preferred embodiment of the invention has been 

presented for purposes of illustration and description. It is not intended to be 
exhaustive or to limit the invention to the precise forms disclosed. Obviously, manv 
modifications and variations will be apparent to practitioners skilled in this art. It is 
intended that the scope of the invention be defined by the following claims and their 
10 equivalents. 
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1. An apparatus for delivering thermal energy through an external skin 
surface to an underlying collagen containing tissue, comprising: 

thermal delivery means including an interface surface configured to conform 
to the exterior skin layer surface; 

electrode means coupled to the thermal delivery means and configured to 
transfer thermal energy through the interface surface and the skin layer surface to the 
underlying collagen tissue; 

thermal energy control means coupled to the thermal delivery means and 
configured to provide sufficient thermal energy from the electrode means to contract 
the underlying collagen tissue with no deeper than a first degree burn formed on the 
exterior skin layer surface; and 

cabling means coupled to the electrode means. 

2. The apparatus of claim 1 , wherein the electrode means is an RF 
electrode coupled to an RF power source. 

3 • The apparatus of claim 1 , further comprising: 
a thermal energy source coupled to the electrode means. 

4. The apparatus of claim 1. wherein the electrode means is an ultrasound 
emitter coupled to an ultrasound energy source. 

5. The apparatus of claim 1. wherein the thermal energy control means 
comprises: 

a cooling channel positioned in an interior of the thermal energy delivery 
means and coupled to a source of a cooling medium. 


6. The apparatus of claim 1. wherein the thermal delivery means is a 
membrane. 
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7. The apparatus of claim 6, wherein the an interior of the membrane is 
configured to contain an electrolytic solution. 


8. The apparatus of claim 1, wherein the thermal energy control means is 
5 configured to form a reverse thermal gradient at the exterior skin surface with a 

temperature range of 30 degrees C to 80 degrees C from the external skin surface to 
the underlying collagen containing tissue. 

9. The apparatus of claim 1, further comprising: 

1 0 one or more thermal sensors positioned on the interface surface. 

10. The apparatus of claim 1, further comprising: 

a feedback device coupled to the electrode means responsive to a detected 
characteristic of the external skin surface or the underlying collagen containing tissue. 

15 

11. A cosmetic method for tightening skin ? comprising: 
providing a skin tightening apparatus including an electrode means for 

delivering thermal energy through a skin tightening apparatus interface surface and an 
external skin surface to an underlying collagen containing tissue; 

20 positioning the skin tightening apparatus interface surface adjacent to the 

external skin surface; 

delivering sufficient thermal energy from the electrode means through the 
external skin surface to contract the underlying collagen tissue with no deeper than a 
first degree bum formed on the exterior skin layer surface; and 

25 tightening the external skin surface. 

12. The method of claim 1 1 . wherein the deliver}' of thermal energy at 
least partially denatures the collagen containing tissue by cleaving heat labile cross- 
links of collagen molecules. 

30 
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13. The method of claim 12, wherein the delivery of thermal energy at 
least partially denatures the collagen containing tissue while minimizing cellular 
destruction. 


14. The method of claim 12, wherein the delivery of thermal energy at 
least pamally produces a net mobilization of intracellular fat with a diminished 
destruction of cells. 


15. The method of claim 11, wherein the electrode means is an RF 
electrode coupled to an RF power source. 

16. The method of claim 11, wherein the electrode means is an ultrasound 
transmitter coupled to an ultrasound energy source. 

1 7. The method of claim 1, wherein sufficient thermal energy is delivered 
to contract the underlying collagen tissue with no deeper than a second degree bum 
formed on the exterior skin layer surface 

18. The method of claim 11, wherein the collagen containing tissue is in a 
subdermal layer. 


19. The method of claim 11, wherein the collagen containin 2 tissue is in a 
dermal laver. 


20. The method of claim 11, wherein the collagen containing tissue is in a 
subcutaneous layer. 


21. The method of claim 1 1, wherein the collagen containing tissue is in 
fascial and muscle tissue. 


22. A cosmetic method for forming and contracting scar collagen below an 
external skin surface, comprising: 
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providing a scar collagen apparatus including an electrode means for 
delivering thermal energy through a scar collagen apparatus interface surface and the 
external skin surface to an underlying tissue site; 

positioning the scar collagen apparatus interface surface on the external skin 
5 surface; and 

delivering sufficient thermal energy from the electrode means to the 
underlying tissue site to induce scar collagen formation in the selected tissue site with 
no deeper than a first degree bum formed on the exterior skin layer surface. 

10 23. The method of claim 22, wherein sufficient thermal energy is delivered 

to induce scar collagen formation in the selected tissue site with no deeper than a 
second degree bum formed on the external skin layer surface. 

24. The method of claim 22, wherein the thermal energy is 
1 5 transcutaneously delivered to the underlying tissue site. 

25. The method of claim 22, wherein the thermal energy is percutaneous ly 
delivered to the underlying tissue site. 

20 . 26. The method of claim 25, wherein the electrode means is a laser 

delivery device coupled to a laser source. 

27. . The method of claim 22. wherein the thermal energy is transmucosally 
delivered to the underlying tissue site. 

25 

28. The method of claim 22. wherein the thermal energy is permucosally 
delivered to the underlying tissue site. 

29. The method of claim 22 ? wherein the thermal energy is 

30 transcutaneously delivered to the underlying tissue site for a sufficient time to induce 
scar collagen formation in the underlying tissue site with no deeper than a first degree 
burn formed on the tissue surface. 
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30. The method of claim 22, wherein the thermal energy is 
*a_onalv delivered to the undoing tissue ,,e fot a sunken, rime to induce 
scar collagen Nation in the underlying ussue site vvift no deeper than a second 
degree bum formed on the tissue surface. 

31. The method of claim 22, wherein the underlying tissue site is 
substantially devoid of collagen. 

of colin^n ^ m " h ° d °' Mm Wherei " "* mMyiaS ,iS!Ue Si ' e " def " ient 


33. The method of claim 22, who™ the underlying tissue she has pre. 
exrsung collagen. p 

34. The method of claim 22, wherein the external skin surface is heed to 
a temperature range of 40 to 60 degrees C. 

35. The method of claim 22, wherein the underlying tissue site is heated to 
a temperature of 60 to 80 degrees or greater. 

36. Acosmeticmethodforcontractingcollagenbelowatissuesurfaceina 
seJected tissue site, comprising: 

providing a collagen contraction appararus including an electrode means for 
dehvermg thermal energy rhrough a collagen contractu, apparatus interface surface 
and an externa! skin surface to the selected tissue site; 

positioning the collagen contraction apparatus' interface surface on the externa, 
skin surface; and 

delivering sufftcten, tnetmal energy from the decode means to the selected 
ossue site for a sufficient time to a, leas, partially conrract collagen ,„ , he selected 
ussue sire with „ deep er than a f.rs, degree bum formed on the cxrenor skin laver 
surface. 
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37. The method of claim 36. wherein sufficient thermal energy is delivered 
to induce scar collagen formation in the selected tissue site with no deeper than a 
second degree burn formed on the external skin layer surface. 

5 38. The method of claim 36, wherein the thermal energy is 

transcutaneous^ delivered to the underlying tissue site. 

39. The method of claim 36, wherein the thermal energy is percutaneously 
delivered to the underlying tissue site. 

10 

40. The method of claim 36, wherein the electrode means is a laser 
delivery device coupled to a laser source. 

41 . The method of claim 36, wherein the thermal energy is transmucosally 
1 5 delivered to the underlying tissue site. 

42. The method of claim 36, wherein the thermal energy is permucosally 
delivered to the underlying tissue site. 

20 43. The method of claim 36, wherein the thermal energy is 

transcutaneous^ delivered to the underlying tissue site for a sufficient time to induce 
scar collagen formation in the underlying tissue site with no deeper than a first degree 
burn formed on the tissue surface. 

25 44. The method of claim 36. wherein the thermal energy is 

transcutaneous^ delivered to the underlying tissue site for a sufficient time to induce 
scar collagen formation in the underlying tissue site with no deeper than a second 
degree burn formed on the tissue surface. 

30 45. The method of claim 36. wherein the underlying tissue site is 

substantially devoid of collagen. 
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46. The method of cIaim 36 . wherei „ ^ ^ ^ 

or collagen. 


47. The method of claim 36, wherein the underlying tissue site has pre- 
*> existing collagen. 


48. The method 0 f Cairn 36, wherein te exttroal skin surface is heated ,o 
a temperature range of 40 to 60 degrees C. 


10 


15 


20 


25 


30 


49. The method of claim 36, wherein the underlying tissue site is heated to 
a temperature of 40 to 80 degrees or greater. 

50. A cosmetic method for forming callus deposition in a selected 
periosteum tissue site, comprising: 

providing a calta deposition apparatus including an electrode means for 
dehvenng then™, energy through a calius deposition apparatus interface surface and 
an external skin surface to die selected periosteum tissue site; 

positioning the collagen con.ac.ion apparatus inrerface surface on the external 
skin surface; and 

delivering sufficient thermal energy from me electrode means ,o the selected 
peristeum tissue site for a sufflcien, rime to form callus deposition in the selected 
penosteum tissue site with no deeper man a firs, degree bum formed on the exterior 
skin layer surface. 

51. The method of claim 50, wherein the thermal energy is 
transcutaneous^ delivered to the selected periosteum tissue site. ~ 

52. The method of claim 50, wherein the thermal energy is percutaneous* 
delivered to the selected periosteum tissue site. 

53. The method of claim 52. wherein the electrode means is a laser 
delivery device coupled to a laser source. 
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54. The method of claim 50, wherein the thermal energy is transmucosally 
delivered to the selected periosteum tissue site. 


55. The method of claim 50, wherein the thermal energy is permucosally 
5 delivered to the selected periosteum tissue site. 

56. The method of claim 50, wherein the exterior skin surface is heated to 
a temperature range of 40 to 60 degrees C. 

10 57. The method of claim 50, wherein the selected periosteum tissue site is 

heated to a temperature of 60 to 80 degrees or greater. 

58. The method of claim 50, wherein the electromagnetic energy forms the 
callus with no more than a first degree burn formed on the surface of the selected 
1 5 periosteum tissue site. 


59. The method of claim 50, wherein the electromagnetic energy forms the 
callus with no more than a second degree burn formed on the surface of the selected 
periosteum tissue site. 

20 

60. An apparatus for delivering thermal energy through an exterior skin 
surface to an underlying tissue site including loculations of fat with fibrous septae 
made of collagen tissue, comprising: 

to create a desired contour effect without substantially modifying melanocytes 
25 in the epidermis, comprising: 

thermal delivery means including an interface surface configured to conform 
to the exterior skin layer surface; 

electrode means coupled to the thermal delivery means and configured to 
transfer thermal energy through the interface surface and the exterior skin layer 
30 surface to the underlying tissue site; 

thermal energy control means coupled to the thermal delivery means and 
configured to provide sufficient thermal energy from the electrode means to the 
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underlying tissue site to contract the fibrous septae and create a desired contour effect 
with no deeper than a first degree burn formed on the exterior skin layer surface; and 
cabling means coupled to the electrode means. 

61 . The apparatus of claim 60, wherein the electrode means is an RF 
electrode coupled to an RF power source. 

62. The apparatus of claim 60, further comprising: 

a thermal energy source coupled to the electrode means. 

63. The apparatus of claim 60, wherein the electrode means is an 
ultrasound emitter coupled to an ultrasound energy source. 


64. The apparatus of claim 60. wherein the thermal energy control means 
comprises: 

a cooling channel positioned in an interior of the thermal energy delivery 
means and coupled to a source of a cooling medium. 

65. The apparatus of claim 60, wherein the thermal delivery means is a 
membrane. 


66. The apparatus of claim 65, wherein an interior of the membrane is 
configured to contain an electrolytic solution. 

67. The apparatus of claim 60, wherein the thermal energy control means 
is configured to form a reverse thermal gradient at the exterior skin surface with a 
temperature range of 30 degrees C to degrees C from the external skin surface to the 
underlying tissue site. 

68. The apparatus of claim 60, further comprising: 

one or more thermal sensors positioned on the interface surface. 
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69. The apparatus of claim 60, further comprising: 
a feedback device coupled to the electrode means responsive to a detected 
characteristic of the external skin surface or the underlying collagen containing tissue. 

5 70. A cosmetic method of sculpturing an underlying tissue site made of a 

loculation of fat including a collagen containing tissue as a fibrous septae, comprising: 

providing a tissue sculpturing apparatus including an electrode means for 
delivering thermal energy through a tissue sculpturing apparatus interface surface and 
an external skin surface to the underlying tissue site; 
10 positioning the tissue sculpturing apparatus interface surface adjacent to the 

external skin surface; 

delivering sufficient thermal energy from the electrode means to the 
underlying tissue site to contract the collagen containing tissue with no deeper than a 
first degree burn formed on the exterior skin layer surface; and 
1 5 sculpturing the collagen contain tissue to a desired contour. 

71 . The method of claim 70, wherein the collagen containing tissue is 
partially denatured by cleaving heat labile cross-links of collagen molecules. 

20 72. The method of claim 70, wherein the collagen containing tissue is 

partially denatured while minimizing cellular destruction. 

73. The method of claim 70, wherein the delivery of thermal energy 
produces a net mobilization of intracellular fat with diminished destruction of cells. 

25 

74. The method of claim 70, wherein the electrode means is an RF 
electrode coupled to an RF energy source. 

75. The method of claim 70. wherein the electrode means is an ultrasound 
30 emitter coupled to an ultrasound energy source. 
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76. The method of claim 74, further comprising: 


a source of electrolytic solution that delivers electrolytic solution to the RF 
electrode. 


77. The method of claim 76, wherein RF energy is transferred from the RF 
electrodes to the electrolytic solution. 


78. The method of claim 70, wherein the collagen containing tissue is in a 
subdermal layer. 


79. The method of claim 70, wherein the collagen containing tissue is in . 
dermal layer. 


80. The method of claim 70, wherein the collagen contaming tissue is in a 
subcutaneous layer. 


81. The method of claim 70, wherein the collagen containing tissue is in 
fascial and muscle tissue. 
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